Lumbar spinal AP radiographs of 13 C3-TIl paraparetic patients taken at about a 10 year interval were compared. The height (H) and maximum width (W) of the interapophysolaminar spaces (IALS), the width of the vertebral bodies at their waist (V) and the relationship between them showed minimal change over the follow up period. The difference between the late and early mean IALS height values increased caudally but was statistically significant only below L5. Subjective evaluation of the consecutive x-ray films revealed few new degenera tive abnormalities. It is concluded that the normal aging process, which includes horizontal spreading of the lumbar vertebral bodies and narrowing of the lumbar spinal canal, is not accelerated by paraparesis and may even be retarded by relative immobilization.
Introduction
The dimensions of the lumbar spinal canal of normal subjects change with aging. 1 Horizontal spreading of the lumbar ver tebral bodies and hypertrophy of the pos terior arches with narrowing of the vertebral canal occur through middle and old age. [1] [2] [3] These processes, however, have not been evaluated following spinal cord lesions, to the best of our knowledge. Degenerative changes of the lumbar spine, which might contribute to narrowing of the spinal canal, have not been described in patients with a spinal cord lesion, despite the high fre quency of such changes at various joints below the level of neurological deficit. 4 In order to assess the effect of spinal cord damage on vertebral changes below the lesion, early and late (after 10 years) x-ray films of the lumbar spinal canal of patients with spinal cord lesions were compared. Results indicated that only few significant changes in the dimensions of the lumbar spinal canal occurred.
Patients and methods
Lumbar anteroposterior (AP) x-ray films were taken at about a 10 year interval in 13 paraparetic patients (12 males and 1 fe male). The patients had a mean age of 37.5 years (range 24-67 years, SD = 16.2) at the time of the first radiograph, In 9 patients the spinal lesion was traumatic. The remaining spinal pathologies included: tumour, arach noid cyst and spinal stenosis. The levels of the lesions ranged from below C3 to below Tll. Spasticity was found in 11 patients and reduced tone in 2. Nine patients were confined to a wheelchair, and 4 were able to walk with aids (Table I) .
The AP view of the lumbar spine was obtained from routine intravenous pyelo graphy studies (Fig 1) . The films were exa mined by a physician from the Department of Spinal Rehabilitation and by two independent radiologists. The radiographs were evaluated both qualitatively and quantitatively. The quantitative assessment included measurement of the lumbar canal and vertebral bodies. The dimensions of the lumbar canal were evaluated according to measurements of the interapophysolaminar spaces (IALS). Vouge defined the IALS as the translucency between the laminae and the articular processes of 2 adjacent verte brae, as seen on a plain radiograph of the lumbar spine. 5 The IALS is usually triangu lar from Ll down to LS, and lozenge-shaped between the LS-Sl vertebrae. The apex of the triangle is notched by the projection of the spinous process of the overlying verte bra, and its lower angles are 'cut off' by the superior articular processes of the under lying vertebra. The maximum height (H) and width (W) of each IALS and the width of the overlying vertebra at the waist (V) were measured on the films (about O.S mm accuracy).
The width index (IALS width/width of L3 vertebral body) (WI) and the ratio between the height and the width of the IALS (H/W) were calculated to obtain comparable data, thus avoiding the drawback of geometric enlargement. Vouge had chosen the width of the L3 vertebra as a reference, because this vertebra was best displayed on plain films.s
The differences between the late and early dimensions were assessed by the paired t-test.
Results
The width index (WI) and the height/width ratio (H/W) in the present patients (Table  II) were similar to those found in normal subjects examined previously by Vouge. 5 The width index (WI) as well as the mean IALS width (W), the width of the overlying vertebrae (V) and the W /V ratio (Table III, (Table  III, Fig 2) . These results probably reflect the normal caudal widening of the lumbar spine and spinal canal. The IALS dimensions found in the late radiographs were usually similar to those found in the earlier films taken 10 years before (p > O. OS). The mean values of the IALS height (H), H/W and H/V, showed a constant decrease with time. The difference between the mean values of H and H/V in the late and early examinations increased from Ll down to LS (Table IV, Fig 3) . This difference, however, was significant only below the LS vertebrae (p < O.OS). The subjective evaluation of the x-ray films of the lumbar spine revealed few abnormali- ties. The IALS morphology looked un changed on the 10 year follow up films. In one patient (no 2) osteophytes extended laterally from the L4-L5 vertebral bodies. In another patient (no 6) L2-L3 and L4-L5 osteophyte extension and L4-L5 interver tebral space narrowing were noticed. Addi tional findings were L5 sacralisation (no 2) and Sl spina bifida (no 7).
Discussion
Changes in the lumbar spine dimensions reflect the normal process of aging.l One would expect that alteration in the forces exerted on the spine as a consequence of paresis would lead to additional vertebral changes by remodelling and osteoarthritis. This is, however, the first study investiga ting the effect of paraparesis on the shape Figure 3 Differences between mean IALS height below lumbar vertebrae on early and late radiographs (�H). �H increases from L1 down to L5 level, but becomes significant only below L5 vertebra (p < 0.05).
and dimensions of the lumbar spine, to the best of our knowledge. Our findings indicate that paraparesis . does not induce significant changes in the lumbar vertebrae. In contrast to our expec tations, the IALS dimensions of the para paretic patients changed only slightly during the follow up period. The narrowing of the vertebral canal and the horizontal widening of the vertebral bodies characterising aging! were not observed in our patients. This may be explained by the relative immobilisation of the patients with spinal lesions, which might slow the degenerative or remodelling processes. Since not only pathological changes but also the normal aging process changes were usually absent in our patients, it seems that paraparesis may even prevent some expected spinal bone changes. It could be argued that 10 years is a rather short period for aging phenomena to occur. Pathological spine changes, however, should have been apparent within the follow up period. The increase in the differences between the mean height values from the Ll to the LS IALS in the late and the early radio graphs may indicate that age dependent changes in the spinal dimensions are more prominent caudally (Fig 3) . Below the LS vertebra, the IALS height was significantly reduced within 10 years. This reduction may represent hypertrophy of the laminae at this level, but it may also represent a narrowing of the LS-Sl intervertebral disc space. Unfortunately, this space was ill defined on the examined AP films, and its height could not be measured for comparison with the IALS height.
Various methods have been presented in the literature for assessing the dimensions of the spinal canal. It has been customary to consider the interpedicular distance or the interfacet distance as the width of the canal. The values of these indices vary among normal populations of various ethnic groups6, 7 but always increase from the Ll down to the LS level. The IALS maximum width mean values found in this study were within the range of values of the interReferences pedicular distance of previous studies 7 -1 0 and also increased from Ll to LS (Table  III) . Thus, the maximum IALS width is probably an equally suitable index of the lumbar spinal canal width. The midsagittal AP diameter has been employed as a predictor of central spinal stenosis and was found to correlate with the cross-sectional area of the spinal canal or dural sac in computerised tomographic and anatomic studies.1 0 ,11 Consequently, the midsagittal AP diameter is probably the best radio logical index of clinically significant canal stenosis. Measurement of the IALS and vertebral body width on the AP radio graphs, followed by subjective evaluation of the films, is superior, however, for detection of long term spinal changes. The method enables assessment of the dimensions and shape of both posterior and anterior ele ments of the lumbar spine with routine follow up examinations. The use of ratios between dimensions, and not absolute values, eliminates errors of measurement induced by different magnifications.
As only few significant changes were found in the AP radiographs of the lumbar vertebrae within a 10 year follow up period, we conclude that paraparesis does not accel erate the aging process of the lumbar spine, and relative immobilisation may even retard it.
